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TOPICS 

There are many real-world engineer ing design problems which cannot be e f f e c t i v e l y  
handled using convent ional  design op t imiza t ion  methods. 
mod i f i ca t ions  of t he  convent ional  methods are necessary t o  handle such complex 
problems. me s o l u t i o n  involves  two-level decomposition, whereby a problem i s  
d iv ided  i n t o  smaller subproblems, each with i t s  own design o b j e c t i v e  and c o n s t r a i n t s  
( r e f s .  1,2). 

Here, we w i l l  d e s c r i b e  a two-level design op t imiza t ion  methodology and g ive  
a progress  r e p o r t  of i t s  a p p l i c a t i o n  t o  P r in t ed  Wiring Board (PWB) assembly 
examples. 

Special  techniques and/or 

1. Two-Level Design Optimization 

0 Formulation 

0 Procedure 

2. Example: PWB Assembly 

3. Summary 
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FORMULATION 

We c o n s i d e r  a problem which may be decomposed i n t o  two-levels ,  each hav ing  
s e v e r a l  l o c a l  v a r i a b l e s .  Here, i , j  are t h e  i n d i c e s  corresponding t o  t h e  number of 
subproblems and number of c o n s t r a i n t s  i n  each subproblem, r e s p e c t i v e l y .  Furthermore,  
x 
i s  t h e  v e c t o r  of " g l o b a l "  d e s i g n  v a r i a b l e s  i n  t h e  top - l eve l  problem. 

i s  t h e  v e c t o r  of " l o c a l "  d e s i g n  v a r i a b l e s  i n  t h e  lower - l eve l  subproblem i ,  and y i 
I 
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PROCEDURE 
The p rocedure  i s  t o  

(1) S e l e c t  t h e  s t a r t i n g  v a l u e  f o r  t h e  g l o b a l  v a r i a b l e s  y ,  
( 2 )  f i n d  x ( y  i s  f i x e d ) ,  i=l , . . . , I ,  i n  subproblem i ,  
( 3 )  f i n d  a new y i n  t h e  t o p - l e v e l  problem s u c h  t h a t  f ( y , x )  i s  d e c r e a s e d ,  
( 4 )  r e t u r n  t o  s t e p  ( 2 )  u n t i l  t h e  minimum €or  f ( y ; x )  i s  o b t a i n e d .  

i 

Subproblem i : 

Minimize f (y;x ) i i  

Subject to:  g (y;xi)<O j=l,...,J 
i ,j 

Top-level problem: 
I 

i=l 
Minimize f(y;x)  = f,(y) + C fi(Y;xi) 

Subject to: gR(y)<O R - 1 , .  0 .  ,L 
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EXAMPLE: PWB ASSEMBLY 

Design opt imizat ion  of a PWB assembly i s  considered. The o b j e c t i v e  i s  to deter- 
mine t h e  required coinponent redundancy and f l u i d  €low-rate €or  each PWB such that  the  
r e l i a b i l i t y  of the assembly i s  maximized. This i s  a mixed-integer nonl inear  
programming problem. 

Printed 
Circuit Boards 

Cool i ng 
Air In 
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EXAMPLE: TW@LEVEL MODEL OF A PWB ASSEMBLY 

J 

M a x  i m i ze 

Assembly R e l i a b i l i t y  

Subject  to 

Massflow ( =  Qt 

- 

I Here, a two-level design optimization model for an assembly of PWBs is presented. 
Allocation of fluid €Low-rates (continuous variables) is performed at the top-level 
problem, while, allocation of component redundancy (integer variables) for each PWB 

~ 

l is performed at the bottom-level subproblems. 

I 
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MODEL 

Max i rn i ze 

Board Rel iabi l i ty  

Subject  to 

Area ( =  A 
4 



EXAMPLE: REDUNDANCY ALLOCATION FOR A PWB ( R e f .  3) 

It i s  assumed t h a t  each  PWB c o n s i s t s  of a series o f  N s t a g e s ,  where each  s t a g e  n, 
i s  a p a r a l l e l  combination of Mn redundant  components. A l l  components i n  a s t a g e  are 
a c t i v e .  Thus, f o r  a s t a g e  t o  f a i l ,  a l l  components i n  t h a t  s t a g e  must f a i l .  
Furthermore,  i t  i s  assumed t h a t  f o r  a PWB, a l l  components a t  a g i v e n  s t a g e  are iden- 

I t i c a l  and e q u a l l y  r e l i a b l e .  

1 2 n N 
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EXAMPLE: TWO-LEVEL OPTIMIZATION FORMULATION 

In  t h e  t w - l e v e l  f o r m u l a t i o n  of t h e  PWB assembly, subproblem i cor re sponds  t o  PWB 
i i n  which t h e  r e l i a b i l i t y  (R.) i s  maximized. In t h e  top - l eve l  problem, f l u i d  flow- 
rates (Q , i = l , . . . , I )  are a l l o c a t e d  t o  maximize t h e  assembly r e l i a b i l i t y  ( R ) .  It i s  
assumed t h a t  t h e  assembly i s  a series system of I PWBs. 

1 

Subproblem i : 
N 

Maximize R = II (l-qn 
n=l 

MnB - c AnMn' Aavi<o 

Subject to :  N 

n=l 

Mn> 1 n=l , . . . ,N 
Top-Level Problem: 

I 
Maximize R = 11 

i=l Ri 

I 
Subject to:  1 Qi - Qt (0  

i=l 

Qi'O i=l , . . . , I 

where : q = 
Mn= n 

iagi area of a component a t  n th  s t age  of i t h  PWB 

Q:= 

n th  s t age  component u n r e l i a b i l i t y  of i t h  PWB 
n th  s t age  component redundancy of i t h  PWB 

= ava i l ab le  area of i t h  PWB 

t o t a l  f l u i d  f low-rate of assembly 
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EXAMPLES 

Three PWB assembly examples were solved. The f i r s t  example was an  assembly of 2 
PWBs, each PWB having 5 s tages .  The second example was an assembly of 4 PWBs, each 
PWB having 15 s t ages .  The t h i r d  example was an assembly of 4 PWBs, each PWB having 
30 s tages .  The o v e r a l l  des ign  ob jec t ive  i n  each example was t o  maximize assembly 
r e l i a  b i  li t y . , 

Example No. of stages/PWB No. of PWBS Var i ab le s  Cons t r a in t s  

1 5 2 12 15 

2 15 4 64 69 

3 30 4 124 129 
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EXAMPLE: RESULTS 

I n i t i a l  and f i n a l  s o l u t i o n s  for an assembly of two PWBs are given:  

PWBl Reliability 

Q 1.34 Ibs./min 

0.997828 

1 

INITIAL: 
5 STAGES PER PWB 

ASS EM B LY RE L I AB I L I T Y 
0.908061 

Q t  2.0 Ibs/min 

t 
PWBl Reliability 

0 1= 0.5 Ibs./min 

M,= (l , l , l , l , l)  

0.953 124 
PWB2 Reliability 

Q = 0.5 IbsJmin 

M; (l , l , l , l , l)  

0.95272 

FINAL : 
5 STAGES PER PWB 

I 

ASSEMBLY RE L I AB1 LI TY 

I 

ASSEMBLY RE L I AB1 LI TY 
0.99778 

Q t  2.0 Ibs./min 
D 

PWB2 Reliability = 
0.999953 

Q = 0.66 Ibs./min 
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-LE: RESULTS 

I n i t i a l  and Efnal so lut ions  for two  assemblies of four PWBs are g iven .  

INITIAL; 
15 STAGES PER PWB 

--I1 I 
ASSEMBLY 
Reliability * 
0.67726 1 

O t *  4.0 Ibr./mln 

0.6 Ibr./mln * 0.6 Ibr./mln 0.6 Ibr./min 0; 0.1 IbrJmin 

Reliability = 
0.9390 18 

4.0 Ibs./min 

!3NAl; 
15 STAGES PER PWB 

PWBl Reliabillty PWB2 Reliability PWBI  Reliability PWB4 Reliability 

0 ,  1.62 Ibr./mln 9 0.7 Ibr./mln 0 3 *  1.09 Ibr./mln 0 4 *  0.7 Ibr./min 

Reliabillty 
0.630707 
Q t -  6.0 Ib8.lrnin 

- 1.0 Ibr./min 

INITIAL ; 
3 0  STAGES PER PWB 

- 1.0 Ibs./min 1.0 Ibr./min 1.0 Ibs./mln 

FINAL; 
3 0  STAGES PER PWB ASSEMBLY 

Reliability = 
0.929826 c O t  6.0 Ibr./mln 

0.73 Ibr./rnin 1.89 Ibr./min - 0.87 Ibr./min = 1.71 IbrJrnin 
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SUMMARY 

The d e s i g n  of PWB assembl i e s  i s  a complex t a s k  which i s  g e n e r a l l y  conducted as a 
" s e q u e n t i a l  process ."  
composi t ion of t h e  PWBs i n t o  a n  assembly. As a resul t ,  op t imiz ing  d e s i g n  con- 
s i d e r a t i o n s  such as assembly r e l i a b i l i t y  cannot be accomplished. This s t u d y  showed 
t h a t  a two-level decomposi t ion method can be employed t o  op t imize  f o r  r e l i a b i l i t y  a t  
bo th  t h e  PWB- and t h e  assembly-level  i n  a coupled manner. The two-level decom- 
p o s i t i o n  method a l s o  r e s o l v e d  t h e  mixed-integer n o n l i n e a r  programming n a t u r e  of t h e  
problem r a t h e r  e a s i l y .  

I n d i v i d u a l  PWBs are u s u a l l y  designed f i r s t ,  fol lowed by t h e  

0 The s e q u e n t i a l  d e s i g n  p r o c e s s  makes system o p t i m i z a t i o n  i m p o s s i b l e  

0 A mixed-integer  n o n l i n e a r  o p t i m i z a t i o n  problem modelled and s o l v e d  u s i n g  a 
two-level o p t i m i z a t i o n  t e c h n i q u e  

e More research is needed t o  improve the performance of the two-level  opt imiza-  
t i o n  method 
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